Abstract -Hydrogen charging induces t h e formation o f an hcp phase, E-and a'-martensites i n a metastable a u s t e n i t i c s t a i n l e s s steel, and t h e formation o f microtwins and a braid-1 i k e d i s l o c a t i o n s t r u c t u r e i n a f e r r i t i c s t a i n l e s s steel. Microcracks are i n i t i a t e d along a' l a t h boundaries and €/a' boundaries i n t h e former, and i n s i d e o f microtwins i n t h e l a t t e r .
I. INTRODUCTION I t has been reported t h a t hydrogen charging t o metastable a u s t e n i t i c s t a i n l e s s
s t e e l s induces m a r t e n s i t i c transformations (1) (2) (3) (4) (5) (6) (7) (8) . Holtzworth e t a1 . ( 1 ) found E-and a ' -m a r t e n s i t e and an u n i d e n t i f i e d f c c phase i n a hydrogen charged 304L s t a i n l e s s steel. The f c c phase i s considered t o be a hydride (6) . Kamachi e t a1. ( 5 ) has r eported t h a t r a i n cloud l i k e E ' i s formed a f t e r generation o f a l a r g e number o f d i sl o c a t i o n s and stacking f a u l t s , and t h a t i t decomposes i n t o E and a' during prolonged charging time. However, l i t t l e i s known about t h e i n i t i a l stage o f t h e formation o f t h e f c c phase and E ' . F e r r i t i c s t a i n l e s s s t e e l s lose d u c t i l i t y i n hydrogen a tmosphere, although no transformation occurs i n them. The mechanism o f d u c t i l i t y l o s s has n o t been known y e t . I n t h e present study, attempts have been made t o c l a r i f y t h e i n i t i a l stage o f m i c r o s t r u c t u r a l changes which are induced by hydrogen charging i n t h i n f o i l s o f an a u s t e n i t i c and a f e r r i t i c s t a i n l e s s steels.
EXPERIMENTAL PROCEDURES
The s t e e l s used were a low C a u s t e n i t i c s t a i n l e s s steel (0.02%C, 18.1%C, 8.1%Ni) and a low C f e r r i t i c s t a i n l e s s s t e e l (0.004%C 19.1%Cr), which were s o l u t i o n t r e a t e d f o r 30 min a t 1100°C and quenched i n t o water. Thin f o i l specimens, which were prepared by e l e c t r o l y t i c t h i n n i n g using an e l e c t r o l y t e composed o f g l a c i a l a c e t i c acid and 10% p e r c h l o r i c acid, were c a t h o d i c a l l y charged w i t h hydrogen i n a s o l u t i o n o f 1N-HzSOk containing 250mg/1 o f Na3AsO+ w i t h a c u r r e n t d e n s i t y o f 0.25 A/cmZ a t 20" C. A p a r t o f t h i s f o i l s were ion-polished p r i o r t o hydrogen charging i n order t o remove surface f i l m s . Observations o f microstructures were c a r r i e d out w i t h i n 10 min a f t e r hydrogen charging. I n s i t u observations o f t h e s t r u c t u r a l changes during heating were also c a r r i e d out.
The e l e c t r o n microscope used was HU-1000D operated a t 1 m i l l i o n v o l t . A l l of t h e d i f f r a c t i o n p a t t e r n s obt a i n e d from t h e s t a c k i n g f a u l t -l i k e and t h e t r i a n g u l a r phase can be indexed as a hcp phase having l a t t i c e constants s l i g h tl y l a r g e r than those of c-martensite. 
t i o n r e l a t i o n s h i p between y and t h e hcp phase seems t o be c l o s e t o t h e S h o j iNishiyama's r e l a t i o n s h i p ( 9 ) . Elongated i n t e n s i t y d i s t r i b u t i o n o f t h e r e c i p r o c a l l a t t i c e p o i n t s o f t h e hcp phase as w e l l as l o c a l d i s t o r t i o n o f t h e f o i l may a l l o w r e f l e c i i o n s from t h e planes belonging t o
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t h e [0111] zone, which i s 11.4" a p a r t -from [0223] t h a t should be p a r a l l e l t o [1101 when t h e Shoji-Nishiyama's Photo.1 M i c r o s t r u c t u r e o f as-sol u t i o n r e 1 a t r o n s h i p i s e x a c t l y obeyed.
t r e a t e d 18%Cr-8%Ni s t e e l ( b e f o r e
Heterogeneous d i s t r i b u t i o n o f t h e charging) t r i a n g u l a r hcp p l a t e l e t s suggests t h a t p r e f e r e n t i a l n u c l e a t i o n may occur a t d e f e c t i v e p a r t s o f t h i n oxide f i l m s which may have been formed d u r i n g e l e c t r o l y t i c t h i n n i n g , s i n c e i o n p o l i s h i n g o f f o i l surfaces p r i o r t o hydrogen charging b r i n g s about q u i t e homogeneous d i s t r i b u t i o n o f t h e p l a t el e t s . A few s t a c k i n g f a u l t s t h a t are o c c a s i o n a l l y observed may be formed by d i s s o c i at i o n o f d i s l o c a t i o n s due t o decrease i n s t a c k i n g f a u l t energy by hydrogen absorption. Thus, t h e r e may be no d i r e c t r e l a t i o n between development o f s t a c k i n g f a u l t s and t h e f o r m a t i o n o f t h e hcp phase. The hcp phase i s s t a b l e a t room temperature and t h e y
a r e r e t a i n e d even a f t e r aging f o r more t h a n 400 h.
Photo.3 shows dense f o r m a t i o n o f t h e hcp phase i n a n e a r l y (001) o r i e n t e d y m a t r i x a f t e r hydrogen charging f o r 3 sec. The r e l a t i v e l y weak (200) and (200) spots of-y are surrounded b 4 spots o f t h e hcp phase. They can be indexed as {1T01} and i l l 0 2 1 belonging t o [ f O l l i and DO21 I zones of t h e hcp phase, which a r e about 8. and loo, r e s p e c t i v e l y , a p a r t from [4043] t h a t should be p a r a l l e l t o [001Iy. The hcp p l a t e l e t s have s t r a i n f i e l d s around them. ddi t h i n accuracy o f e l e c t r o n d i f f r a ct i o n , t h e l a t t i c constants o f t h e hcp phase (a=2.60A, C-4.25A) seem t o be l a r g e r than those o f c-matensite (a=2.53A, c=4.13A).
However, i t i s n o t c l e a r whether i t i s a hcp h y d r i de o r hydrogen c o n t a i n i n g E-martensi t e .
Photo.2 Formation o f ( a ) s t a c k i n g f a u l t -1 i ke hcp p r e c i p i t a t e s , ( b ) t r i a n g u l a r hcp p r e c i p i t a t e s a f t e r hydrogen charging f o r 1 sec, and ( c ) d i f f r a c t i o n p a tt e r n obtained from t h e c e n t r a l area o f ( b ) .
With i n c r e a s i n g c h a r g i n g time, t h e hcp p l a t e l e t s extend along C l l l Iy planes and o v e r l a p each o t h e r , As t h e r e s u l t , d e t a i l s o f m i c r o s t r u c t u r e a r e l o s t as shown i n Photo.4(a).
D i f f r a c t i o n p a t t e r n i n c l u d e s a s l i g h t l y d i s t o r t e d n e t belongi n g t o [ 1101 1 zone o f t h e hcp phase and a p a i r o f spots ( i n d i c a t e d by arrows) which are considered as {ZOO) r e f l e c t i o n s o f a f c c phase w i t h a-3.75A. This i m p l i e s t h e presence o f a f c c h y d r i d e ( 1 ) o r y phase which i s expanded by hydrogen.' Both o f t h e hcp and t h e expanded f c c phase a r e s t a b l e , and t h e y p e r s i s t up t o 500°C d u r i n g h e a t i n g i n t h e e l e c t r o n microscope. When t h e f o i l i s heated a t 600°C, t h e hcp phase disappears l e a v i n g a l a r g e number o f d i s l o c a t i o n s , and a d i f f r a c t i o n p a tPhoto.3 Dense f o r m a t i o n o f t h e hcp t e r n o f [ I 1 0 1 zone o f normal y (unexpandp r e c i p i t a t e s a f t e r 3 sec c h a r g i n g ed) i s o b t a i n e d (Photo.4(b)).
Photo.4 ( a ) Hcp phase i n c l u d i n g an f c c phase w i t h expanded l a t t i c e c o n s t a n t s (15 sec c h a r g i n g ) , and ( b ) d i s l o c a t i o n s l e f t a f t e r h e a t i n g a t 600°C i n t h e e l e c t r o n microscope
Photo.5 ( a ) € -m a r t e n s i t e formed i n t h e hcp phase ( a f t e r 30 sec charging), and ( b ) l a r g e p l a t e -l i k e & -m a r t e n s i t e ( a f t e r 60 sec c h a r g i n g )
Photo.6 ( a ) M i x t u r e o f E-and a ' -m a r t e n s i t e ( a f t e r 30 sec charging), and ( b ) l e n t i c u l a r a' formed i n p l a t e -l i k e ( a f t e r 60 sec charging)
A f t e r charqinq f o r 30 sec, €-martens i t e appears i n -r e g i o n s where many hcp p l a t e l e t s a r e a l r e a d y formed (Photo.5(a)). D i f f r a c t i o n p a t t e r n i n d i c a t e s t h a t t h e newly formed E-martensite ( s o l i d l i n e ) has a normal (unexpanded) hcp s t r u c t u r e .
Occasionally l a r g e p l a t e -l i k e E-martensite i s formed as can be seen i n Photo.5(b).
Two types o f a ' -m a r t e n s i t e c r y s t a l s a r e observed a f t e r hydrogen c h a r g i n g f o r more than 30 sec. M a j o r i t y o f them have l a t h -l i ke morphology as shown i n Photo. 6 ( a ) . This t y p e o f a ' i s observed i n r e g i o n s where many hcp p l a t e s are formed, and i t w i l l be o f s t r a i n -i n d u c e d type. Another t v p e o f a ' has a l e n t i c u l a r shape, and i s fokmed i n l a r g e p l a t e -l i k e E-' m a r t e n s i t e (Photo.6(b)). It w i l l be o f Photo.7 Microcracks formed a t a' l a t h s t r e s s -a s s i s t e d type.
boundaries and €/a' boundaries When charging time exceeds 100 sec, ( a f t e r 100 sec charging) microcracks a r e i n i t i a t e d along a' l a t h boundaries and € / a ' boundaries (Photo.7). As t h e f o r m a t i o n o f a' proceeds, solub i l i t y o f hydrogen i n a t h i n f o i l w i l l be decreases and excess hydrogen w i l l segregate t o these boundaries t o form cracks. Hosoya e t a1 . ( I 3 1 have r e p o r t e d t h a t s t r a i g h t cracks a r e propagated along l a r g e p l a t e -l i k e €-martensite i n t h i n f o i l s o f a 0.08%C-18%Cr-8%Ni s t e e l . However, since t h e s t e e l used i n t h e present study t r a n sforms t o a ' more e a s i l y because o f i t s very low carbon content, p l a t e -l i k e & w i l l be devided i n t o f i n e r b l o c k s by a ' . This w i l l r e s u l t i n occurrence o f a l a r g e number o f small microcracks i n s t e a d o f a l o n g s t r a i g h t cracks. A d i f f r a c t i o n p a t t e r n taken from t h e c e n t r a l p a r t o f Photo.8(c) includes t h r e e sets o f t w i n -r e l a t e d {110), spots, and t h e dark f i e l d images obtained from t w i n spots ( i n d i c a t e d by t h e arrows) demonstrate t h e presence o f microtwins along braids, p a r t i c u l a r l y a t i n t e r s e c t i o n s o f two braids (Photos.8(d), ( e ) ) . Thus, i t i s l i k e l y t h a t hydrogen charging may f a c i l i t a t e l o c a l formation o f microtwins probably due t o decreasde i n stacking f a u l t energy, although d e t a i l e d mechanism and p r e f e r e n t i a l s i t e s o f such microtwin formation has n o t been known. Formation o f microtwins w i l l increase l o c a l s t r a i n , and punched out d i s l o c a t i o n s w i l l be tangled t o form braids.
As the charging time i s increased, t h e s i z e o f microtwins and t h e width of braids become l a r g e r . I n addition, many microcracks are formed i n microtwins as shown, i n Photo.g(a). The plane o f these micr charging r e s u l t s i n high de 
